The impact of fault current limiter in power system performance by Mohd. Ariff, Mohd. Aifaa
vi

   
   
   
   
TABLE OF CONTENTS 
   
   
   
   
CHAPTER TITLE PAGE 
   
DECLARATION i
DEDICATION ii
ACKNOWLEDGEMENT iii
ABSTRACT iv
ABSTRAK  v
TABLE OF CONTENTS vi
LIST OF TABLE ix
LIST OF FIGURES x
LIST OF ABBREVIATIONS xii
LIST OF APPENDICES xiii
1 INTRODUCTION 1 
 1.1 Introduction 1 
 1.2 Project Background 2 
 1.3 Problem Statement 4 
 1.4 Project Objective 5 
 1.5 Project Scope 5 
 1.6 Thesis Organization 6 
    
   
vii

2 FAULT CURRENT LIMITER 7 
 2.1 Introduction 7 
 2.2 What is Fault Current Limiter? 7 
 2.3 The Role of a Fault Current Limiter 8 
 2.4 Types of Fault Current Limiter 10 
  2.4.1 Fast Interrupting Device 10 
  2.4.2 Fault Current Limiting Device 11 
  2.4.3 Fault Current Limiting and Limiting Device 14 
 2.5 Recent Research of Fault Current Limiter 15 
 2.6 Summary 17 
   
3 SOLID STATE FAULT CURRENT LIMITER 
MODELING
18
 3.1 Introduction 18 
 3.2 Basic Configuration 19 
 3.3 Simulation Model of FCL 21 
 3.4 SSFCL Mode of Operation 21 
 3.5 SSFCL Control Strategies 24 
 3.6 Model Verification 27 
 3.7 Power System with SSFCL 29 
 3.8 Summary 31 
   
4 RESULTS AND DISCUSSION 32
 4.1 Introduction 32 
 4.2 Fault Current Limitation 32 
  4.2.1 Single Line to Ground Fault 33 
  4.2.2 Phase to Phase Fault 35 
  4.2.3 Double Line to Ground Fault 36 
  4.2.4 Three Phase Fault 38 
  4.2.5 Discussion 39 
 4.3 Voltage Sag Mitigation 40 
viii

  4.3.1 Single Line to Ground Fault 40 
  4.3.2 Phase to Phase Fault 42 
  4.3.3 Double Line to Ground Fault 43 
  4.3.4 Three Phase Fault 45 
  4.3.5 Discussion 46 
 4.4 Summary 46 
    
5 CONCLUSION AND FUTURE 
RECOMMENDATION
48
 5.1 Conclusion 48 
 5.2 Future Developments 49 
    
6 REFERENCES 50 
   
Appendices A-C 52-59 
   
   
   
   

ix

  
  
  
  
LIST OF TABLES 
  
  
  
  
TABLE NO. TITLE PAGE
  
4.1 SSFCL operation in radial system 33 
   
   
   
   
   
   
   
   
   
  
  

x

  
  
  
  
LIST OF FIGURES 
  
  
  
  
FIGURE NO. TITLE PAGE
  
1.1 Responses from CIGRE WG A3.16 questionnaire survey 3 
2.1 Simple power network 8 
2.2 Simple power network with FCL 9 
2.3 Solid-state circuit breaker 11 
2.4 Basic arrangement for tuned circuit impedance current 
limiters 
12
2.5  Typical superconducting fault current limiter 13 
2.6  The solid-state fault current limiter 14 
2.7 Basic structure of FCLID 15 
3.1 Basic arrangement of solid-state FCL 19 
3.2 Simulation model of FCL 22 
3.3 Operational behavior of ideal SSFCL 23 
3.4 Behavior of thyristor 0, 1, 4, 5, 8, and 9 23 
3.5 Block diagram of SSFCL control system 24 
3.6 Synchronization of six pulses 25 
3.7 SSFCL control system 26 
3.8 Synchronized 6-Pulse Generator output signal 26 
3.9 Synchronized 6-Pulse Generator 1 output signal 27 
3.10 Current waveform from project 28 
3.11 Current waveform from IEEE papers 28 
3.12 Distribution power system fed from single source 30 
4.1 System without SSFCL subjected to single line to ground 
fault 
34
4.2 System with SSFCL subjected to single line to ground fault 34 
xi

4.3 System without SSFCL subjected to phase to phase fault 35 
4.4 System with SSFCL subjected to phase to phase fault 36 
4.5 System without SSFCL subjected to double line to ground 
fault 
37
4.6 System with SSFCL subjected to double line to ground fault 37 
4.7 System without SSFCL subjected to three phase fault 38 
4.8 System with SSFCL subjected to three phase fault 39 
4.9 Load voltage during single line to ground fault for system 
without SSFCL 
41
4.10 Load voltage during single line to ground fault for system 
without SSFCL 
41
4.11 Load voltage during phase to phase fault for system without 
SSFCL 
42
4.12 Load voltage during phase to phase fault for system with 
SSFCL 
43
4.13 Load voltage during double phase to ground fault for 
system without SSFCL 
44
4.14 Load voltage during double phase to ground fault for 
system with SSFCL 
44
4.15 Load voltage during three phase fault for system without 
SSFCL 
45
4.16 Load voltage during three phase fault for system with 
SSFCL 
46
   

xii

  
  
  
  
LIST OF ABBREVIATIONS 
  
  
  
  
FCL - Fault Current Limiter  
SFCL - Superconductor Fault Current Limiter  
SSFCL - Solid-state Fault Current Limiter  
FCLID - Fault Current Limiting and Interrupting Devices  
SSCB - Solid-state Circuit Breaker  
V - Magnitude of system phase voltage  
ZFCL - Impedance of current limiting reactor  
IFCL - Fundamental current of fault current limiter   
LFCL - Inductance of current limiting reactor  
ZLOAD - Load impedance  
ZS - Source impedance  
VS - Voltage source  
Pm - Power of the motor  
Tm - Mechanical torque of the motor  
f - Frequency of the supply  
p - Number of poles  
n - Synchronous speed  
   
   
   
   
   
   
   
   
xiii

  
  
  
  
LIST OF APPENDICES 
  
  
  
  
APPENDIX TITLE PAGE
  
A MATLAB SIMULINK interface 52 
B Simulation Model Parameter 54 
C Calculation of Mechanical Torque 59 
   
   
   
   
   
   
   
  
  

